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B pabote onucaH MeTon KOHTPOJIS NPABHILHOCTH BBIOJTHEHUS QU3HYECKUX YIPAKHEHUH 1eueOHON (HU3KYIBTYpEI C
nomoniplo TexHonmorun Microsoft Kinect. dopmanm3oBaH mporecc HASHTHGUKAINM II03BI TeJla YeloBeKa II0
KOOp/IMHATAM HEKOTOPBIX «XapaKTEPHBIX» Y3JOB Teja YeJOBeKa C HCIOJb30BaHMEM INPOAYKIMOHHBIX mpaBuil. C
[OMOIIBI0 HEHPOHHOW CETH — MHOTOCJIOMHOIO IEPCEeNTpOHAa IPOMCXOAMUT KiacCU(UKAUMs YIPaKHEHUH Ha
IpaBWIbHbIE U HelpaBuwibHble. OOyueHne HEHpPOHHON CeTH NPOHMCXOAMWIO Ha BBIOOPKE, COCTABICHHOMN JKCIIEPTOM B

obmactu JIOK.

Karouesnbie cioBa: ynpaxsenus JIOK; mpoaykunoHHBIE NpaBuiIa; HEHPOHHAs CETh; KOHTPOJIb IPaBHIBHOCTH

BBITIOJIHEHUS! YIIPaXKHEHUH.

BBEJEHUE

JleueOnas ¢Qusnueckas kymprypa (JI®K) — 3ro
METOI  JIYCHMs, COCTOSINMA B NPUMEHCHUU
(U3MYECKUX YNPAaKHEHUH W €CTECTBEHHBIX (DAKTOPOB
npupoisl K OOJIBHOMY — 4eNIOBEKYy — C - JIe4eOHO-
npoUIaKTHYECKUMH HeJIsIMH. . B ocHOBE aTOrO MeTona
JIEKHAT WCHONB30BaHHE OHOJNIOTMYECKOW  (QyHKINH
opranusma — emwkenus [Medicinform, 2012] .

Jlo HemaBHero BpeMeHH 00ECTEeYHTh KOHTPOJb
MPAaBUJIBLHOCTH BBIMOJIHEHHSE (PU3UUCCKUX YIIPAKHCHUIA
MOI TOJBKO _HNEPCOHAJBHBIH TpEHEp WM Bpau-
crenuanucT mo JIGK. CaMmocTosTenbHOE BBIMOIHEHHE
yIpaKHEHUN BO3MOXKHO c HCTIOJIb30BAaHUEM
CHeIUaIN3UPOBAHHON JIUTEPATYPHI WA
MYJIbTUMEIUHHBIX JIMCKOB, C 3aIUCAHHBIMU MIPUMEPAMU
BBIIIOJHEHHUs ynpaxHeHui. Ho B oboux ciydasx,
HEBO3MOKHO MPOKOHTPOIUPOBATH MPaBUILHOCTh
BBITIOJIHEHUS YEJIOBEKOM YIIPaKHEHUH.

IMpumenenue cencopa Microsoft Kinect [OpiioBa u
np., 2011], B pa3pabareiBaeMoii CHCTEME, TTO3BOIUT
cAenaTh INpolecc 3aHATHH yHOOHBIM M 0e30MacHBIM.
Taxxe  pa3paboraHHblE  MOAEIM M METOHbI
NPUMEHAIOTCS B paborax 1O  paclno3HaBaHUIO
SMOLIMOHAJIBHBIX peakLuii yenoBeka [3aboneeBa-30ToBa
u ap., 2011], [Pozanues u np., 2011a], [Po3anues u ap.,
2011b].
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B crarpe ommcaH MeTOn KOHTPOJIST MPaBHIBHOCTH
BBINOJHEHUSI Ppusnueckux ynpaxueHuii (OY) neueOHo#M
(GU3KYIBTYpHl C OMOLIBIO TexHOJOrHMH Microsoft
Kinect.

1. PacmosHaBanmne ABHKEeHHS

JTro6oe ¢usnyeckoe yrmpakHEHHS — 3TO JBUKCHUE.
Jns  KoHTposst HpaBWIBHOCTH  BhIMONHEHUsT DY
HEOOXOANMO PACIO3HATh JBIKCHUE YEIIOBEKA.

Boimonusemoe @Y  cHumaercs  Ge3MapKepHBIM
criocobom ¢ momotnkko cercopa Kinect (3-D kamepa ot
Microsoft ¢ ceHcopoM  mIyOWMHBI),  JaJbliie
HCTIONIB3YeTCS cucremMa Brekel Kinect,
NpPEeNOCTaBIIAIONIas  pPaclo3HaHHOE  JBM)KEHHE B
¢dopmare. bvh — ¢aiina.

BVH o603nauaer gannsie Bio Vision Hierarchical.
otor dhopmar MPEIOCTABIIACT BO3MOXKHOCTh
MpencTaBieHuss UHPOpMauu 00 HepapXuu Kapkaca
Tea 4YejJoBEeKa B J00aBJIEHHE K JAHHLIM O JIBHKEHHH
[Kinecthacks, 2012].



HIERARCHY
ROOT Hips

OFFSET ©.0000 0,0000 0.0000
CHANNELS 6 xposition Yposition zposition zrotation xrotation yrotation
JoINT chest

OFFSET 0.0415 6.2451 0.0203
CHANNELS 3 Zrotation >rotation vrotation
JOINT cChest2

OFFSET 0.0118 22.5192 -0.7792
CHAMNELS 3 Zrotation xrotation vrotation
JoTIMT Lefrcollar

OFFSET -0.3300 25,0202 0.8579
CHANMELS 3 Zrotation xrotation ¥rotation
JOINT Leftshoulder

OFFSET 15.6466 -3.5500 0.4633
CHANNELS 3 Zrotation xrotation yrotation
JOINT Leftelbow

OFFSET 6.7754 —28.9612 2.1049
CHAMNELS 3 Zrotation xrotation vrotation
JOINT Leftwrist

OFFSET 5.5027 -23.6186 1.7304
CHANMELS 3 Zrotation xrotation vrotation
End site

y CORRSER 3nisSE sl eaneti.ous
¥
I
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¥
JoINT Rightcollar

OFFSET -0.3300 25,0202 0.8579
CHANNELS 3 2rotation xrotation yrotation
JoInT RightShoulder

1

Pucynok 1- Crpykrypa BVH-¢aiina

2. UnenTudukanus no3pl 4eJa0BeKa U
(puznyeckoro ynpaxxkHenust

Kaxnoe @Y xapaxrepusyercs HaOOpOM I03 Telsa
yenoBeka. Kakmas mo3a xapakrepusyercss HaboOpom
KOOpIIMHAT Y3JIOB (CYCTaBOB) OTHOCHTEIBHO LIEHTpa
Tena.

®Y JI®K  xapakrepusyercs HaOOpoM  T.H.
«XapaKTEPHBIX» Y3JIOB YEJIOBEYECKOTO Teja. DTO Y3IIbl,
Ha KOTOpbIE HANpaBlI€HO €ro BO3JCHCTBHE U
B3aMMOPACIIONIOKEHHUE KOTOPBIX B npouecce
BBINOJIHEHUSI OMNPEEIsIeT NMPABUIBHOCTh BBIIOJIHCHUS
YIPaXHEHUS

Unentudukanus DY U XapaKTepHBIX  y3JI0B
YEJIOBEYECKOT0  TeJla, peaJin30BaHa C  IOMOILBIO
MIPOAYKIIMOHHOM MOzieNn BUA:

pm=<S,L,A— B,C,0Q >,
Ime S= {SI,SZ,S3} — MHOYKECTBO 30H YEJIOBEUECKOTO
Tena (BepXHsIsL, HIDKHSSL, LCHTpanbHas);, L - ycioBue
MIPUMEHUMOCTH sifipa NMpoayKuuu. CHrHaJL O TOM, 4YTO
OBUIO BBIOPAHO YIpaKHEHHE.

A— B,C - sapo npomyKiuu, HWHTEPIPETHPYETCs

¢bpazoii:

«Ecau A, mo B u Cy,
me A= {al,az,a3,...,an} — MHOXECTBO (pu3mueckux
yIpa)kKHEHU;

B={bbysb } by bysesh, } () By s, | )
— MHOKECTBO, BKJIIOHYAIOIUE ceOsl MOAMHOXKECTBA M3
HaOopa XapaKTepHBIX Y3J0B (CYCTaBOB) YEIOBEYECKOIO
tena b, rae b 5T0 BEKTOP — CTPOKA BHAA (bx,by,bz).

C= {cl ,6, ,...,cn} — MHOXECTBO HEHPOHHBIX CETEH,

Kaxxaasd M3 KOTOPbIX HACTpOC€HA MJid ONpeACIICHUA
MPaBUJIBbHOCTU KOHKPETHOI'O YIIPAXXHEHU .

3. MeTon mpoBepKH NPaBUILHOCTH
BBINOJTHEHUS! (PU3NYECKUX yIPaKHEHUI

Jis KOHTpONS NPaBHIBHOCTH MU 3(PPEKTHBHOCTU
BBINOJIHEHUST (PH3HYECKOTO YINPaKHEHUs, HEOOXOIUMO
OIIPEAETINTh, KaKue JeHCTBUS IpHU  BBINOJIHEHUU
YIOpaXHEHUs] OyIyT CUUTAThCS MPABUIBHBIMH, a KaKue
HeT. JTa 3a/1a4a JIOKUTCS Ha dKcrepra B obnactu JIOK.
Ha ocHOBaHMM MHEHHS 3KCIEpPTa U OCHOBHBIX IPaBHII
ne4eOHON  QU3KYIBTYpbl, C IOMOILBIO  CHUCTEMBI
pacnoznaBanust  nBwkeHuss Brekel Kinect Obiin
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3alMCaHbl YNPAKHEHUs, KOTOpBIE OYIYT CUMTATHCS
NpaBWIGHBIMU. Taroke OBUIM 3amHCaHbl JIBIDKEHHUS,
IpecTaBIsIonye coboil Hanboee pacpoCcTpaHeHHOe
HETIPaBIJIGHOE BHINOJTHEHUE YIIPayKHEHHH.

I[Mox  ympaxHeHMeM B  JaHHOM  KOHTEKCTE
MOHUMaeTcs Ha0oOp 103 KOTOpbIE MOCJIEIO0BaTeIbHO
MPUHUMAET YeJOBEK M Iepe]l CUCTEMOH CTOUT 3ajada
OIPENIETINTh K KAaKOMY KJacCy OTHOCHTCSI B TEKyIIMi
MOMEHT BPEMEHH 11033, KOTOPYIO MPUHUMAET YeJIOBeK:
K KJacCy «IpaBUJIHOE BBINOJHEHHE» WM K KJIaccy
«HETPaBUJIbHOE BBINOJIHEHUEY.

OO0yuatomas BbiOopka coctosiia u3 2000 mo3 Ha
KaXIbIH Kiacc, I7ie Kaxzaas Io3a XapaKTepu3oBajlach
HAaOOpOM  «XapaKTEPHBIX»  y3JIOB L KaXJIOro
(hU3UYECKOTO YIIPaKHEHHUS.

Bb110 MpoTecTHPOBaHO AECATH Pa3INYHBIX METOIOB,
CIOCOOHBIX pellaTh 3a1aul KIacCH(HUKAIMU, Ha OIXHHUX
U TeX K€ BXOIHbIX AaHHBIX. Ilo okoHuanuto, meron,
TIOKa3aBIINK HAMTy4IINH Pe3ysabTaT, ObLI MCIIONB30BaH
JUI pellieHus 3a/laydl KIaCCH(HUKAUUKM HPaBHIbHOCTU
BoImoHeHUS DY,

Tabmuua 1 - CpaBHenue 3(QEKTHBHOCTH METONOB PELICHHS 3alauH
uaeHTHUKALIN

Meron [IpaBuibpHO
WnentudunupoBanHbie
00pazbi(%)
Jepeso peIeHuit: 62,58
CHAID aJITOPUTM
(aBTOMaTHYE CKHIA
00HAPYKHUTEIIb
B3aNMOJIEIICTBUIA)
Hepeso pemennit: C&RT 69,99
ITOPUTM
Hepeso perIeHuit: 81,74
boosting trees
IrOpUTM(«pacTyIye
JIEPEBbBSI»)
Hepeso pemrenuii: random 76,18
forest(anropurm«ciaydaitn
BI JIEC»)
Meron OTIOPHBIX 76,25
BekTopoB(Support Vector
Machine)
Meron K-0mmkanmmx 82,11
coceneii(K-Nearest
neighbors)
BaiiecoBckuii 87,36
knaccudukarop(Naive
Bayes Clasiffiers)
Heiiponnas CETh: 94,12
BEpOSITHOCTHAS CETh
Heiiponnas CeTh: 96,02
MHorocnoinsit
MepCcenTpoH
Heiiponnas CETh: 68,20
paauanbHO-0a3uCHBIX
(dhyHKIHN




3. XapakTepucTHKH HeilipOHHOM ceTH

Hawmnyummii pesynpTarT mokasana HEHpoHHas CeTh
MHOTOCJTOHHBIL ~ NEPCENTPOH  CO  CIEAYIOUMMU
napaMeTpaMu:

yenewHod SoycnewHoi SoycnewwHoi AnTopHTI | OYHKUMA DYHKUHA DyHKUMA
KNACCHOHKAUN | KIaccHOMHALM | KnaccH@HHauM | ofydennA | owwGim aKTMBAUHA AHTHEAUHH
WBcel WTecToBol W KOHTPONbHAA CKpbITOrO C10A BHeLHero
BbiGopRY BbibopKA BbibopHH 108

Pucynok 2 — ITapameTpsl HEHPOHHOU CeTH

Anropurm o0ydenus — BFGS. B nannom anropurme
ucnonb3yercss BFGS-cxema 00HOBJICHUsI, HA3BaHHAS 110
nepBeiM  OykBaM uMmeH Broyden-Fletcher-Goldfarb-
Shanno (ecnu TouHee, TO 3Ta GopMyaa CTPOUT HE caM
reccMaH, a oOpaTHYl0 K HEMy Marpully; TaKuM
o0pa3oM, He HaJI0 TPaTUTh BpeMs Ha €€ oOpatieHue). B
ciaydyae OONBIIMX pPa3MEPHOCTEH 00beM HaMsTH
nopsinka N 2, TpeOyemblid ajst XpaHEHHs TeccuaHa,
OKAa3bIBAETCS CIIMIIKOM OOJIBIION HArpy3KOH, TaKkkKe Kak
W 3arparbl MAallMHHOTO BpPEMEHH Ha ero oOpaloTKy.
[ToaTomy BMmecTO Hcnonb3oBaHuss N 3Ha4YCHHM
rpajyeHTa JUIsl IIOCTPOESHUS FecCHaHa MO)KHO OOONUTHCH
MEHBUIUM  YHCIOM  3HA4YeHHH, TIO3BOJISFOIIIM
UCTIONIb30BaTh 00beM mamsaTu nopsiaka N-M. OObrgHO
Ha MpakTHKe M BBIOMPAIOT B TPOMEXKYTKE OT 3 10 7, B
CJIOKHBIX CTy4asX MOXHO yBEIMYHUTh 3Ty KOHCTaHTY 10
20. B pe3ynbraTe Takoi IKOHOMHH IONyJYaeTcs HE caM
reccHaH, a JMIIb €ro ammnpokcuManus. V3HadanbHO
9TOT MeTOX pa3pabaThlBAICS Ul  ONTUMHU3ALUHU
(GyHKIMH 04eHb OOJIBIIOTO YKCIa apryMEHTOB (COTHU U
TBICAYM), TOCKONBbKY MMEHHO B 3TOM  Cly4ae
YBEIMUYCHWE YHCJIA UTEpaluil u3-3a IOHMKCHHOM
TOYHOCTH  aNIIPOKCUMAlMU TeccHaHa  IOAHOCTBIO
OKYNaeTCcs CHIDKGHMEM HaKIaJHbIX pacXogoB Ha
OOHOBJIEHHE TeCCHaHa, OJHAKO HEeT. NPHYMH, IO
KOTOPOM 3TOT METO[ HEb3sl NPUMEHATh Ui 3a/1ad
Manoil pazmepHocTH. OCHOBHBIM €r0 JIOCTOMHCTBOM
SBISIETCS  MacIUTaOUpyeMOCTb,  IOCKOJBbKY  OH
obecrieunBaeT BBICOKOE OBICTPOAGHCTBHE Ha 3ajadax
GOJIBIION pa3sMEpHOCTH, NPU ITOM IO3BOJISAA PeIIaTh U
3amaun mManoi pasmepuoctu [OcoBekuid, 2007].

Oynknusa ommobku — Kpocc-dHTponus. DyHKIm,
OCHOBaHHas Ha TEOPETUKO-UH(OPMATMOHHBIX
xapakTepucTikax. Oco0EHHO XOPOIIO IOAXOOHUT IS
3aj1a4 Kkiaccugukauuu. Mmeercs npa BapuaHTta: Jyis
ceTe C OJHHMM BBIXOIOM M Ul CETE€H C HECKOIBKUMH
BBIXOJJAMH; B IIEPBOM  BapHaHTe HCIOJIb3YIOTCS
JorucTHYecKne (GYHKLIUHM AaKTHUBAllMM, BO BTOPOM -
dbynkun coprmakc [boposukos, 2007] .

OyHKIMS akTHUBAaMU BHemHero ciosi Codrmaxc.
910 byHKIIA aKTHBAINH, CIELHAIBHO
NpeAHa3HaYeHHas Uil KJIACCU(UKAIMOHHBIX CeTed ¢
KOIMPOBAaHWEM [0 MeToAy OAuH-u3-N. Brerunciser
HOPMHUPOBAHHYIO JKCIOHEHTY (T.. CyMMa BBIXOJOB
paBHa enuHMIE). B coueTaHmm ¢ Kpocc-dHTPOMUITHON
¢yHkuueit  ommOOK  TO3BOJSET  MOAM(UIKPOBATH
MHOT'OCJIOMHBIM NEPCENTPOH AJI OLEHKHU BEpOSTHOCTEN
MIPUHAIIIEKHOCTH KiaccaMm [ Xaiikus, 2006].
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4. Ilpumep padoThI CHCTEMBI

VitpasKseHIte BEIIONHASTCH
HeIPABIUIEHO, PYKH OTYIIEHEL HITEE,
‘e Hy &HO

Crcrena Brekel Kinect
FAXBATHIBACT ABIKCHIIE

PaspaboTanHan cHCTeR
AHATIBHDY €T BHINOTHEHIE
VIIpAKHeHITA 1t

BBIAAET PesyINTAT B TERCTOBOM
1 ayquo-ophiate

Brx cBoxy

i 7ok orodpamaerca
npHMep I aBHTEHOTY
ERmONHeIyIp AN
B QHIMIP OBAHHOM
e

Pucynok 3 — IIpumep paOOThI CUCTEMBIL. YTIPKHEHUE BBITIOIHACTCS
HENpaBUIIBHO

VrpaskHeHHe BRTIOMHASTCA
TIPABHIEHO, TOKTH HAXOTATCA Ha YPOBHE TTey

Crcrema Brekel Kinect
3AXBATHIBACT JABIDKCHIIE

PaspaGoTaHHaa cHcTeMa
AHATHSHPY €T BBITIONHEHIE

VI AAHEHHA H

BBITAET PEsyIBTAT B TEKCTOBOM
1 ayaHo-gophare.

Brig cGoxy

Taxwe
otopaaercs
nprinep

MPABHTEHOTO
BLITONHEHIA B
AHUMHD OBAHHOM
BHIE

Pucynok 4 — Ipumep paboThI CHCTEMBI. YTIPQKHEHUE BBITIOHSCTCS
HEIpPaBHIBHO

Ha pucynkax mpezcraBiieHbl IpUMEpbI BBITTOIHEHUS
MPaBUJIBHOIO W HENPABUIBHOTO BbINONHEHUA @Y.
Pacnoznannoe pgBuxenue coxpansercs B BVH -
(dopmart, mozaercss Ha BXOI HEWPOHHOW CETH, KOTOpas
yXKe BO3BpallaeT pe3ylabTarl — 3aKJIIUeHHE MPaBHIIBHO
WM HETPABWIBHO BBINIOJHAETCA TO WM HHOE OV.
OnHOBPEMEHHO I10JIb30BATEITI0 MOKa3bIBaeTCA
AQHUMMPOBAHHBIN NPUMEP MPABUIBLHOIO BBITOJIHEHUS U
3BYKOBOE CONPOBOXXKJICHUE.

3aKkJIloueHne

B pesympTare paboThl ObUTa ABTOMATHU3HPOBAHA
MpoBepKa MPaBUIBHOCTH BBIIIOJIHEHUS DY,
pa3paboTaHbl IpaBUiia HACHTH(PHUKALUK TTO3bI YETOBEKa
u @Y, nocrpoeHa HeHpoHHAas ceTh I IPOBEPKU
TIPaBUJILHOCTY BbINOJIHEHUS DY.

PaGora wactmuHO moanepxkaHa  Poccuiickum
¢doHIOM (yHIAMEHTAIBHBIX HCCIEHOBAHMI (IPOCKTHI
12-07-00266, 12-07-00270).
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RECOGNITION OF BODY POSTURES USING A
3D CAMERA WITH THE DEPTH SENSOR
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Russian Federation
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A new method of controlling correctness of performing
physical exercises of physical therapy with the help of
3D camera with depth sensor is described. Process of
identifying human body postures by coordinates of
some "specific" nodes of the human body using
production rules was formalized. With the help of
neural networks - multilayer perceptron exercises are
classified on right and wrong. Neural network was
trained using samples prepared by the experts in the
field of physical therapy.

INTRODUCTION

Relevance of the work by the fact that to date the
only method by which to correctly perform the person
exercising physical therapy can be controlled - it is a
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personal trainer or a doctor - a specialist gymnastics.
With self-perform these exercises, it is likely that
people will not carry them out correctly, because not all
people who need exercise therapy sessions have
sufficient knowledge in this area. While automating the
control of correctness, the system checks the
correctness of the exercises, provides tips on technique
performance visually and in text form.

MAIN PART

Any physical exercise represents motion. In order to
work with any motion, first of all, this motion should be
captured. 3D sensor from Microsoft, named Kinect,
captures the motion, then motion data is recognized and
transmitted into BVH file. BVH means “Bio Vision
Hierarchical” and represents a special format where
human body joints and their positions are described in
human-readable numbers.

Also any physical exercise can be characterized by a
set of human’s poses, which, in their turn represent a set
of “specified” body joints.”And the correctness of
performing an exercise depends on these joints
interposition. Information about joint positions is
gathered from BVH file, which is parsed in real-time.
Also in real-time information from sensor is written in
it. Besides Cartesian coordinates, this file contains
angles of rotations of joints relative to each other.

A neural network, trained with the help of medical
experts classifies poses, which a person take while
performing an exercise, and makes a decision while he
is doing wrong or right. The training set for neural
network contained several thousands of samples of
exercises both in correct and in incorrect type. Several
methods, which can solve classification task where
tested and the best results showed multilayer
perceptron.

CONCLUSION

As a result of work, the rules identifying human
posture and exercise have been developed, neural
network to test the correctness of the exercise, was
constructed and thus, control of correctness of
performing physical exercises was automated.

This work was partially supported by the Russian
Foundation for Basic Research (projects 12-07-00266,
12-07-00270).





